Objective: The goal of this study is to determine if injury severity score (ISS) of 9 and systolic blood pressure (SBP) predict poor maternal/pregnancy outcomes in blunt and penetrating trauma, respectively. Methods: The Pennsylvania Trauma Systems Foundation database was used to identify pregnant trauma patients. Blunt trauma patients were analyzed with regard to ISS, while penetrating trauma patients were analyzed to determine whether SBP < 90 mmHg was predictive of poor maternal outcome. Results: Patients with severe blunt injury (ISS 9) due to motor vehicle accident were less likely to wear seatbelts (51% vs. 63%, p ¼ 0.005), and delivery was required in 17% of these patients as compared to 6% of the less severely injured, and only 6% of those were vaginal deliveries. Severely injured patients were discharged home 68% of the time and 6% died compared to less severely injured patients of which 83% were discharged home and <1% died; all other patients required discharge to a rehabilitation facility. Patients with penetrating trauma and SBP < 90 mmHg on arrival were more likely to require delivery (35% vs. 5%, p < 0.001) and were 14 times more likely to die (58% vs. 4%, p < 0.001) when compared to the normotensive group. Conclusion: ISS 9 and SBP < 90 mmHg are predictors for poor outcomes after trauma during pregnancy. Severely injured blunt trauma patients often require surgery and delivery. Patients who present with SBP < 90 after penetrating trauma are more likely to deliver and are 14 times more likely to die.
Introduction
It is estimated that 5%-8% of pregnant patients experience trauma during pregnancy [1] [2] [3] [4] [5] [6] [7] ; blunt force trauma is the most common mechanism (95%) and includes motor vehicle accidents (MVAs), falls, and assaults, followed by penetrating trauma (4%) and burn injury (1%). [2] [3] [4] 6, 8, 9 In the US, MVAs are the leading cause of death and injury and account for 23% of all workplace fatalities. Seatbelt use is required by law in many countries as it helps to reduce the severity of the injury and mortality of the vehicles occupants when involved in an MVA; 10 yet they are often not worn which causes a higher degree of injury in the driver or passenger. In the trauma literature, injury severity score (ISS) is an anatomic scoring system used for trauma patients that assists physician and hospital to communicate objectively with regard to the degree of injury a patient suffered. 11 This scoring system has been validated in the non-pregnant population as a predictor for the severity of the injury and poor outcomes. [12] [13] [14] Studies of pregnant patients found that patients with ISS 9 had an increased risk of abruption, cesarean delivery, and non-reassuring fetal tracings 15 with an 86% sensitivity and 71% specificity 16 for adverse outcomes and were also associated with poor fetal outcome (16 vs. 3 fetal deaths, p ¼ 0.0001). 17 This study focuses on exploring this ISS score cut-off to be used when assessing their risk of complications as well as maternal morbidity and mortality.
Penetrating trauma in pregnancy is commonly caused by gunshot and stab wounds. While maternal mortality is low (5%-7%) in these cases, fetal mortality is reported to be much higher (41%-73%). 2 Traditionally, a systolic blood pressure (SBP) of <90 mmHg in adult trauma patients has been used to define hypotension, [18] [19] [20] [21] and hypotension on presentation to the emergency department has been associated with increased morbidity and mortality. 18 Refractory hypotension after penetrating thoracoabdominal trauma is often used as an indication for thoracic or abdominal surgical exploration-this blood pressure (BP) threshold has not been evaluated in pregnancy. Typically, a pregnant patient has to suffer 10%-20% acute blood loss or >35% gradual blood loss before a change in vital signs is observed. 22, 23 In addition, BP decreases as early as the seventh week of gestation and nadirs to 10 mmHg below baseline between 24 and 28 weeks, at which time it begins to increase to prepregnancy levels. Given these normal physiologic changes in pregnancy, a SBP threshold of 90 mmHg may not be accurate in predicting adverse outcomes.
No studies have been published which examine ISS with regard to predicting poor maternal outcomes such as need for cesarean delivery, need for surgery, and death in a large pregnant population, as previous studies only had small cohorts of <300 patients. [15] [16] [17] This study examines whether reducing the ISS threshold for major trauma from 15 to 9 in pregnancy is justified and aims to validate the use of SBP < 90 mmHg to define hypotension and predict adverse outcomes in pregnant patients after penetrating trauma.
Methods and materials
This is a retrospective cohort analysis of pregnant patients entered into the Pennsylvania Trauma System Foundation's (PTSF) database between 1999 and 2013. The database only provides information about the admission surrounding the trauma without providing follow-up information after discharge. The PTSF is the accrediting body for trauma programs throughout Pennsylvania, and the registry has been created in an effort to promote the advancement of trauma services and to reduce morbidity and mortality by providing expeditious, evidence-based, quality care to trauma patients in the state. It is a de-identified database into which all enrolled trauma centers in Pennsylvania enter their trauma patients, but unfortunately pregnancy information such as gestational age, reason for delivery, and neonatal information (weight, APGAR scores, NICU admission) are not a part of the database. Demographics, clinical variables on admission (age, race, alcohol and drug screen results, SBP, heart rate, respiratory rate, Glasgow coma score (GCS), ISS, units of blood transfused, and need for intubation, disposition), injury mechanism, burn characteristics, seatbelt use (for MVA), and pregnancy and maternal outcomes (mode of delivery during the admission, surgical procedures performed, and mortality) were recorded and analyzed. For analyses based on ISS, we excluded patients with missing ISS information. Patients who suffered blunt trauma with ISS 9 versus patients with ISS < 9 were chosen for comparison, as one previous study showed worsening maternal outcomes in pregnant women as opposed to the universally accepted threshold of ISS > 15 for major trauma. 16 Patients with penetrating trauma and SBP < 90 mmHg were compared to those with SBP 90 mmHg.
Continuous variables were summarized by means and standard deviations, or medians and interquartile ranges, depending on the normality of the distribution. Categorical variables were presented as frequency counts and percentages. Comparisons of categorical data were tested by the Chi-square test. The median test or t-test was used (depending on distribution) to derive p values for continuous data. All tests were twosided, and p values <0.05 were considered significant. Logistic regression was used to assess outcome (death) and association of SBP for victims of penetrating trauma and the association of ISS for blunt trauma. All the analyses were performed using SAS software (version 9.4, SAS Institute Inc., Cary, NC, USA).
For the analyses regarding blunt trauma, we compared maternal and pregnancy outcomes in pregnant patients by stratifying patients into a severely injured group (ISS 9) and less severely injured group (ISS < 9). We additionally examined and compared pregnant versus non-pregnant patients and their outcomes with respect to age, race, alcohol and drug screen results, SBP, heart rate, respiratory rate, GCS, ISS, units of blood transfused, and need for intubation, disposition surgical procedures performed, and mortality. The pregnant patients were matched and compared with non-pregnant patients with same age categories and injury types to detect the differences in patient types and outcomes. Every pregnant patient was matched with five non-pregnant patients (1:5 ratio). This analysis was performed to examine the difference in outcomes of pregnant versus a non-pregnant patient and if the pregnancy had an impact on the variables collected. Although this still leaves a heterogeneous population and outcomes could be secondary to an unaccounted variable, it still gives an idea of how pregnancy affects the outcome after a trauma when two similar groups are compared. With respect to penetrating trauma, patients were stratified by SBP 90 versus < 90 and examined ISS, mode of delivery, surgical procedures performed, and mortality.
Results
The PTSF database consists of 393,877 adults aged 18 and older, and this study included all 1533 pregnant patients who suffered blunt and penetrating trauma (1412 blunt; 121 penetrating).
Blunt trauma
Overall, 1208/1412 (86%) pregnant patients admitted after blunt trauma had ISS available (Table 1) ; the median age of patients was 24 years. Median SBP on admission was 121 mmHg, and heart rate was 94 beats per minute (bpm). A significant portion of patients were not tested for alcohol or drugs (50% and 21%, respectively), but in those who were tested, 6% showed positive for alcohol and 14% showed positive for drugs. The median ISS was 5 (low).
The most common cause of blunt injury was MVAs (67%) followed by falls (19%) and assaults (13%) ( Table 1) , and only 30% of patients involved in MVAs were wearing seatbelts. Eighty-six patients (7%) required a surgical procedure during their admission (excluding delivery), most of which were abdominal surgeries (85%) and perhaps unsurprisingly patients who required abdominal surgery were more likely to deliver as opposed to those patients who underwent other procedures (34% vs. 0.7%). In total, 139 patients (12%) required delivery during their admission with an overall maternal mortality of 2% (n ¼ 32).
When comparing severely injured patients (ISS 9) to less severely injured patients (ISS < 9), severely injured patients had lower GCS scores (13 vs. 15, p < 0.001) and were more commonly involved in an MVA (84% vs. 60%, p < 0.001) ( Table 2) . Patients who were severely injured were more likely to not have been wearing a seatbelt or have their airbags deploy (49% vs. 37%, p ¼ 0.005); they were also more likely to be intubated (24% vs. 1%, p < 0.001), undergo abdominal surgery (13% vs. 1%, p 0.001), and require craniotomy (2% vs. 0%, p ¼ 0.007). Seventeen percent of severely injured patients required delivery during their admission, and only 6% had a vaginal delivery as opposed to 43% of less severely injured patients having vaginal deliveries. Severely injured patients were discharged home only 68% of the time, 26% requiring a rehabilitation facility and had a 6% mortality rate, as opposed to those less severely injured who were discharged home 83% of the time, a mortality rate of less than 1% and only 16% required admission to a rehabilitation facility. 
Penetrating trauma
There were 121 patients with penetrating trauma; median age, SBP on admission, heart rate, and ISS were 22 years, 118 mmHg, 100 bpm, respectively. Overall, 12% required intubation, 28% required a non-delivery surgical procedure within the first 24 h, and 12% delivered during the trauma admission-most by low-transverse cesarean delivery (64%). Overall maternal mortality was 17% (n ¼ 21) (Table 1) . When using SBP < 90 to define hypotension, pregnant patients who were hypotensive on arrival had significantly higher ISS (25 vs. 5, p < 0.001) ( Table 3 ). These patients were more likely to require delivery (35% vs. 5%, p < 0.001) and were 14 times more likely to die (58% vs. 4%, p < 0.001).
When comparing non-pregnant to pregnant patients matched by age and injury type, we found a number of variables to be significantly different (Table 4) . Nonpregnant patients were more likely to have a positive drug (21% vs. 13%) and alcohol screen (21% vs. 6%). Median ISS (9 vs. 5) was higher for non-pregnant patients than pregnant patients. Non-pregnant patients were more likely to be involved in MVAs and falls but less likely to be involved in assaults. Non-pregnant patients had a higher percentage of MVA during which no seatbelt was worn and no airbags deployed. Intubation and a longer hospital stay were more common in non-pregnant patients, but the overall mortality was not significantly different between the two populations (4% vs. 3%).
Discussion
Blunt trauma is a concerning occurrence during pregnancy and was by far the most common mechanism of injury (88%) in our population which is similar to that reported in the literature. The distribution of mechanism of injury was also similar to that described in the literature with MVA (70%) being the most common followed by falls (19%) and assaults (12%). [1] [2] [3] [4] [5] [6] [7] Poor compliance with seatbelt use in pregnancy has been well documented in the past, 1, 6 and maternal mortality rises to 33% during an MVA with an unrestrained driver or passenger, especially when the patient has been ejected from the vehicle. 6 An alarming number of patients in our study did not use seatbelts (47%), perhaps contributing to a high rate of injury. In 2010, a US study reported an 87% compliance rate with seatbelt use based on self-reports, 24 while an international study found much lower rates of 4%-72% for drivers and 3%-50% for passengers, 25 whereas several studies specific to pregnancy have reported a much lower compliance rate of 36%-66%. 1, 3 Pregnant women must be educated about proper and consistent seatbelt use, and future studies should look for reasons for decreased seatbelt use in this population. Given the risk reduction provided by proper seatbelt use, 8 healthcare providers should be alert for opportunities to educate patients and change their behaviors in ways which will prevent injury. Pregnancy has proven to be a ripe time for suggesting lifestyle changes; during antenatal visits, it is standard of care to review the importance of seatbelt use and provide instruction on proper seatbelt use.
Risk factors in the literature for blunt trauma include illicit drugs and alcohol use. 1, 3, 26, 27 This study found that 18% of patients had a positive drug screen and 12% had a positive alcohol screen upon admission, which is again similar to the findings in literature. 1 More surprising was the number of patients not tested at all: 21% for drugs and 50% for alcohol. As with proper seatbelt use, education regarding the abstinence from drugs and alcohol while pregnant, especially while operating a vehicle should be a standard component in prenatal care.
Median ISS score in our study was low; setting a cutoff of 9 to define severe injury allowed to review a subset of patients possibly at higher risk for poor maternal and pregnancy outcomes, since this cut-off has been used in the non-pregnant population as well as the pregnant population, although lower than the widely accepted ISS > 15. These severely injured patients had (as expected) lower GCS scores and were more likely to require surgery. Although only 17% of severely injured patients required delivery, the mode of delivery chosen was most often a cesarean delivery (68%). This is similar to the rates found by a study from 2005, in which a cesarean delivery rate of 71%-75% was described. 28 High ISS score in our study was a predictor of poor maternal prognosis, being associated with a higher rate of mortality and less likelihood of being discharged home (as opposed to a rehabilitation center or skilled nursing facility). A number of studies have noted an increased risk of adverse fetal outcomes with a high ISS [15] [16] [17] 29 with ISS > 10 associated with a 23-fold increased risk in placental abruption, a 233-fold increased risk in uterine rupture, a 555-fold increased risk of fetal death, and a 17-fold increased risk in maternal death. 29 This study adds useful information to permit validation of the use of ISS 9 in the pregnant population to predict a higher risk of maternal complications.
Penetrating trauma affected 9% of our study population. Overall mortality was higher (17%) in those with penetrating trauma than in those with blunt trauma (2%). The percentage of patients requiring delivery was about equal (12% vs. 11%) with more patients requiring a cesarean delivery if they had suffered penetrating trauma versus blunt trauma (93% vs. 68%). Of note, seven patients (13%) who died during their admission delivered but it is unclear whether delivery was antemortem or postmortem. Patients who required abdominal surgery were more likely to deliver during their admission (50% vs. 12%), which may be related to the specific location of the penetrating injury, but these data were not available in the database; further research is necessary to determine why this difference exists. This study shows that in pregnant trauma patients, SBP < 90 mmHg on admission is a predictor of poor maternal outcome. These patients were at higher risk of delivery (35% vs. 13%) and had a higher rate of overall mortality (58% vs. 4%) when compared to those with SBP 90 mmHg; more research needs to be done to further validate this BP cut-off in pregnancy.
A significant strength of this study is the large number of patients reviewed using data reliably entered into a state database closely monitored for documentation errors by the PTSF. The PTSF trains staff to enter data into the database within 42 days of discharge of the patient, the data are then compiled and used for research, public policy questions, education, and quality improvement meaning that these data are reliable. The data are, however, de-identified so there were a number of obstetric variables, such as delivery information and neonatal outcomes, which were not available to analyze and could not be retrospectively collected, representing an obvious and major weakness of the study, likewise the exclusion of patient <18 years of age. This is clearly important information, and we suggest that future research in this area should include these parameters to give a more well-rounded perspective on pregnancy and adverse outcomes. Despite this, we feel that our results still add to the body of literature by exploring the maternal outcomes after blunt and penetrating trauma in the pregnant population.
We would suggest that future research should be done with regard to the evaluation of trauma in pregnancy specifically looking at ISS 9 and SBP < 90, focusing on fetal and neonatal outcomes as we were unable to do so in this study. Further research to validate the use of these values is also suggested, with the hope to reproduce these findings.
Conclusions
Trauma during pregnancy is associated with poor maternal and pregnancy outcomes. This study suggests that the use of ISS 9 and SBP < 90 mmHg as predictors of poor outcomes is appropriate in this population. Furthermore, this study suggests that the threshold for major trauma should be lowered to ISS 9 to define major trauma, as our patient population demonstrates worsening prognosis compared with those patients with ISS < 9.
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